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Abstract
Atheoryispresentedfbrrepresentmgthethrmodynamicpropertiesofalcoholandunsamrated
hydrocarbon皿xturesinanextendedfbrmoftheKretsChmer-Wiebeequationfbralcohol-saturated
hydrocarbonsolutions・Calculatedresultsarecomparedwithexper加entalvaporcomposition,total
pressure,andexcessenthalpydatafbrtenbmarysystems.
Introduction
Continuouslyassociatedsolutionmodelsaresuccessfilllyappliedtoalcoholandsatur-
atedhydrocarbonmixtures[1-5]・Thesemodelspresumethatlineari-mersofassociated
moleculesarefbrmedbyconsecutivechemicalreactions.Theseapproachesarecharacter-
izedbytheassumptionoftheconsecutiveentropyofassociation・WIEHEandBAGIEY[3]
assumedtheconsecutiveentropiesofassociationareindependentofiOfjLmer.Onthe
contrary,KRETscHMERandWIEBE[11consideredtheconsecutiveentropiesofassoci-
ationdependoni.Fromatheoreticalconsideration,KEHIAIAN[61provedthatacon-
6gurationalpartitionfimCtionofthemixtureaHectsboththecombinatorialentropyof
mixingandthecombinatorialpartoftheconSecutiveentropies・Thusthe,Ⅷehe-Bagley
modelisnotconsistent,bmtheKretschmer-Wiebemodelisconsistent・Inthispaper
wepresentanextentionoftheKretschmer-Wiebeequationapplicabletoalcohol-un-
saturatedhydrocarbonmixturesbytakingintoconsiderationfbrmationofchemical
complexesbetweenalcoholandhydrocarbonmoleculesasbrieHysuggestedbyKRETscH-
MERandWIEBE.
Derivati0nofPr叩osedEqua伽皿
1．ExcessFreeEnergy
Inthederivationofbasicequationsseveralassumptionsarebrienysummarizedas
fbllows.Letz4standsfbrthealcoholandBfbrtheunsaturatedhydrocarbon.
(l)Thealcoholfbrmslinearpolymersbysuccessivechemicalreactionsexpressedby
J4,+42=4#+,and4j+B=4jB.
(2)Thevolumechangeonmixingiszero・Inotherwords,themolarvolumeofalcohol-
hydrocarboncomplex42Bis〃入+W'h,whereEAandW'Earethemolarvolumesof
thealcoholandthehydrocarbon.
(3)DeviationfifomanidealsolutionofalcoholandhydrocarbonmaybeexpresSedas
thesumofche皿calandphysicalcontributions.
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Thetotalnumberofmolesofthemixtureisthesumof"imolesofalcoholjLmerand
"#Bmolesofpolymerscontainingialcoholandonehydrocarbonmolecules.
α）”
Jv=Z"i+Z"!B (1)
i＝1i＝O
TheexcessGibbsfiPeeenergyofmixinggE,isthesumofchemicalcont㎡butionggand
thephysiCalcontributiongf.
gE=gf+gW(2)
wheregfmaybeobtainedfromtheGibbsfifeeenergyofmixingg@".gl'andggaregiven
byusingtheFloryHugginsequationandtheequationofHildebrand-Scatchardtype,
respectively.
盤。。｡。
－＝Z"‘lnゆi＋Z"‘Blnゆ‘B （3）
RTEi---j=b
gf=βや為やB("AxA+ybxB)(4)
whereR,Zゆi,やiB,β,andxare,respectively,thegasconstant,absolutetemperature，
volumefifactionofalcoholjbmer,volumefifactionofalcohol-hydrocarboncomplex
"iB,physicalinteractionparameter,andmolefiPaction.First,weconsiderthechemical
contributiongg.ThechemicalpotentialsareobtainedbydiHerentiatingg:'withrespect
tothenumberofmolesofeachchemicalspecies.
〃i－〃ザZ_(5)=1n･j+1－－
RT.-y
伽一応厩B
=1n"'B+1－－ （6）
RT.-y あ&“
wheresuperscript*referstopureliquidstate．〃isthemolarvolumeofthesolution.
ハ
ー ー量坐十量迦（7）
"E!F'i#gbJ'iB
Fromthechemicalequilibriumrelationshipstofbrm42+,and4Bweobtain
（8）仏+"1="i+1
（9）"j+"OB="iB
PRIGoGINE[71provedthatthechemicalpotentialofstoichiometriccomponentisequal
tothechemiCalpotentialofthemonomer:thatis
（10）
"A="1
（1）
"B="OB
Thenweobtain
〃,一〃ず =,n"&+,--Z= （12）
RT y
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Forpurealcoholsolutioneqn.(12)reducestO
O
〃A一庶 脇＝1,ゆ？＋l--
RT yo
Superscriptoindicatespurealcohol.Combinationofeqns.(12)and(13)gives
●
(13）
O
〃’一〃1
O
"A一〃A
???
?
???
?
???
、?
??
(14)目＝＝
RT RT
Settingiineqn.(6)equaltozeroandcombinationoftheresultantequationandeqn.(11)
yields
〃B="B='nOoB+'一L
RT--'
Thenwemayeasilyderiveggbycombiningeqns.(14)and(15)
(15)
壷-"い＊+杣苓一等+期+等） (16）
where
脇=J'AxA+J'bxB (17)
WedehnetwochemcalequilibriumconstantsKAandKABasfbllows:
Ci+1 や‘+，
●
J
K A=－－－ (18)
CiC,J'A ゆi｡,i+1
CiB "!Bj･@
(19)KA｡=c,a="A
＝－‘ロー■■ロー■■■■一＝ロー
ゆiCOBi+Q
whereCstandsfbrconcentrationandgistheratioofthemolarvolumeofhydrocarbon
tothatofalcohol.Theseequationsimplythatthefbrmationofthesolutionmayoccur
intwosteps:disorientationofthepolymermoleculesandmixingofthedisorientated
polymerasshownbyFLoRY[81.Fromeqns.(18)and(19)CiandQBareexpressedby
c,=4=ci_,c"蝋脇=C,(KA",)'-' （20）
〃
C肥===-=CiCOBKABJ'A=-塾昌-"OBC1(KAm,)i-'"iB （21）
y Q
Thestoichiometricvolumefifactions"Aand"Bcanbeconnectedwiththevolumefifac-
tionofeachalcoholspecies.
）（’+恥等（22）
="'BI'i や，
、
･A=Mi+Zzg-L=
f=1" (1-K入ゆ,)2i＝1
伽＝呈妙=ゅ｡｡]-"==B)m' （23）
Fo7 1－KAm,
20＊
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Eliminationo"oBfromeqns.(22)and(23)yieldsathirdorderequationof",､Similarly
＋企旦且1-(KA-KIﾍB)や』1 や， （24）･ロー‘一．＝
リ′脇(1-KAm,).W'bl-KA",
Forpurealcoholeqn.(24)becomes
11-KM （25）－__－－－
F｡ 脇
where",thevolumefisactionofalcoholmonomerinpurealcohol,maybederived
fromeqn.(22).Thus
(2KA+')-VTT可颪 （26）“＝
2職
Once.A,"B,KA,andKABaredenned,･,,":,"oB,andl/"maybecalculatedbyusing
theprescribedequations.
Theactivitycoefnciems,1'Aandj'B,areobtainedbyrearrangingeqns.(2),(4),and(16)
●
andbyappropriatediHerentiating
､｣n*-=+fs+念恥:(27)悩苑A y
ⅢγB=1n迦旦+1-L+念聯： （28）yXB
2.HeatofMixing
Thedefnitionoftheheatofmixinggives
HE=H-XAHo+β'やA"B(XAF'A+XBJ'b)(29)
β,＝β一T坐 （30）
dT
whereHoisthevalueofHfbrpurealcoholandHiscalCulatedby
l≦('-1)耐,+≦(‘-1)"鯛}+‘"皇"”（'1）H=hA
where"i9theenthalpyoffbrmationofahydrogenbond.
Fromeqns.(20),(21),(29),and(31)weget
HE="AKAXA｡,一槻)+"AB"A¥｡"･･('-"｣)+β'のA･B(XAJ'A+XBJ'b)
（!+此等旦）（32）、
ForalcohOl-inerthydrocarbonmixtures(KAB=0)eqn.(32)withnophysicaltenn
reducestothatderivedbyKEHIAIANandTREszczANowIcz[51.
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ResHII"
Thechemicalequilib面umconstantKhasthetemperaturedependenceofthefbllow-
ingfbrm
｛-÷e分｝K=Kbexp (3）
where"istheenthalpyofahydrogenbondandKbisthevalueofKatabsolutetempera-
tureofrb.RENoNandPRAusNITzI4]haveshownthatfbralcohol-saturatedhydro-
carbonmixtureshAis-6kcal/gmoleandat50｡C,KAis450fbrmethanol,190fbr
鰯鍵謡搬搬豊壼
ethanol,90fbr"-propanoland60fbrisopropanol・They
ofk,ongivingmoreweighttPenthalpydatainther
justined.Soweadopted80asKAfbr"-butanolfifomheatof皿xingdtafbrthe"-buta-
nol"-hexane[91and"-butanol-"-heptane[101systems・Leastsquarefttingprocedure
wasusedtodetermineKAB,hAB,6andβ'onconsideringthetotalityofbothdata(ex-
cessfreeenergyandexcessenthalpy)fbrtenbinarysystems・Vaporphasenonideanty
wasinvolvedinvaporeliqUidequimbriumcalculations・Secondvirialcoefncientswere
calculatedusinganempiricalmethod[11]・Vaporpressuredatawereobtainedfifomthe
literature[11,12]・Thevalueof"ABwasevaluatedtobe-2200cal/gmolefbrallalcohol-
unsaturatedhydrocarbonsolutionsandtobe-3800cal/gmolefbrallalcohol-carbon
tetrachloridemixturesirrespectiveofeachalcoholspecies・Themagnitudesofabsolute
arithmeticdeviationofcalculatedvaluesfromexperimemalresultsareshowninTablel
fbrvaporcompositionandtotalpressureandinTable2fbrexcessenthalpy・Twoin-
Table1.ValuesofChencalequilibriumconstantKABandphysicalmteractionparameter6
fbrisothermalvapor-liquidequilibriumdataofbinaryalcohol-unsaturatedhydro-
carbonorcarbontetrachloridemxtures
Absolutearithmeticdev．
inPRef
mmHg
T(。C)KAB 6cal/cciny
×1N0
System
???????????????????? ?????????
?
????
3.28
3.11
3.22
4.27
4.78
4.23
2.84
2.73
2.59
2.11
1.76
1.46
0.82
1.85
8.42
6.77
5.94
5.54
5．15
5.31
6.38
5.13
1.79
1.22
1.34
0.94
1.62
1.62
?????????????????????????
Methanol-ben"ne
??
????
》》
??
?????、、? ??
??
??
?
MethanOl-carbontetrachloride
G
Ethanol-carbontetrachloride
"-Propanol-carbontetrachloride
ルButanol-carbontetrachloride
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Table2.Calculatedresultsfbrheatofmixingofbinaryalcohol-unsaturatedhydrocarbon
orcarbontetrachloridemixtures
Absolute
arithmeticdev.
inHE
(cal/g-mole)RefT(｡C)System
???????????????????
25，35，45
25，35，45
25，35，45
25,35,45
25,35，45
35
35
35
35
23.2
24.2
20.4
11．0
20.6
21.9
27.8
25.5
20.9
Methanol-benzene
Ethanol-benzene
"-Propanol~benzene
2-Propanol-benzene
"-Butanol-ben"ene
Methanol-carbontetrachloride
Ethanol-carbontetrachloride
"-Propanol-carbontetracmoride
"-Butanol-carbontetrachloride
vestigations[22,23]werecarriedouttontonlygEdatafbrafewsystemsbytheuseof
thevaluesOf&and"AconsiderablydifferentfiFomthevalUesusedinthiswork.CH"
[22]claimedthatthemodinedKretschmer-WiebeeqUationwasphysicallyincorreCt,
becaUsethevalueofKABfOrtheethanol-toluenesystemwasfbundtoincreasewith
increasingtemperatureandthisimpliesanegativevalueof－んAB・Hisconclusionseems
tobeincorrectasindicatedbythepresentinvestigation.Thevalidityoftheproposed
modelshouldbecheckedbyasimultaneousfitofgEand"Edatatoobtainphysically
reasonableparameters.
WeconcludethatthetheOrygivesabetterrepresentationofexcessfifeeenergy(vapor
compositionandtotalpressure)thanthatofheatofmixing"
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